Termites are wood pests that cause vast economic damage every year. They digest both cellulose and starch, but the enzymes for starch digestion have not been well characterized. We obtained complete amino acid sequence information on the KME1 α-amylase from Reticulitermes speratus KMT1 through analysis of total mRNA sequences. The KME1 enzyme has two α-amylase domains and is 68% identical to the α-amylase from Blattellager manica, its closest relative in the GenBank database. Some unique features of its conserved region and its distant evolutionary relationship to other insect α-amylases suggest that KME1 is a new type of α-amylase.
INTRODUCTION 1)
Termites efficiently degrade woody cellulose through a symbiotic collaboration with gut microorganisms, and they absorb the degradation products as nutrients (Nakashima et al., 2002; Watanabe et al., 1997; Zhou et al., 2007) . In the first step of cellulose degradation, termites secrete an endo-β-1,4-glucanase from their salivary glands that enzymatically reduces the size of cellulose. Later, symbiotic microorganisms in the termite gut secrete cellobiohydrolase and β-glucosidase to convert cellulose into glucose (Cho et al., 2010; Nakashima et al., 2002) . Since starch is an energy-storing material in biological systems, termites should be able to use it as food. It has been shown that Coptotermes formosanus can survive on starch or glucose as a sole nutrient as well as on cellulose, and it does this without the assistance of symbiotic protozoans (Kanai et al., 2008) . However, only the sequence of a partial catalytic domain of the amylase gene from Coptotermes formosanus has so far been reported (GenBank Accession number: KC740998); no complete sequence is available.
Amylases are classified into three groups, α-amylase (EC 3.2.1.1), β-amylase (EC 3.2.1.2), and γ-amylase (EC 3.2.1.3), depending on where they cleave the α(1 → 4) glucosidic linkage on the target polysaccharides. Alpha-amylases cleave polysaccharides in a random manner and are the major amylase type in animals, including mammals. Although there is only 10% similarity between the amino acid sequences of α-amylases from animals, plants, and microbes, all α-amylases share four highly conserved domains (Nakajima et al., 1986; Svensson et al., 2002) . Alpha-amylases from mammals, including humans, are mainly secreted from the salivary glands, and they help digest nutritional polysaccharides (Nater et al., 2009 ). Alphaamylases from plant pests also have a significant function in the digestive system (Franco et al., 2002; Sharma et al., 2010) .
In this study, sequences of the entire isolated mRNA from the termite Reticulitermes speratus KMT1 were analyzed using next generation sequencing technology (unpublished data). Among the sequenced mRNAs, a new type of α-amylase gene was identified, and it has been reported here.
MATERIALS and METHODS

α-Amylase Coding Sequence Identification
Termites were collected from the Bukhan mountain in Seoul, Korea, and genetic analysis of mitochondrial cytochrome oxidase subunits I and II showed that these termites were Reticulitermes speratus KMT1 (Cho et al., 2010) . Total RNA of termites was purified using TRIzol reagent (Invitrogen, Life Technologies Korea Ltd. Seoul, Korea). Five hundred termites were mixed with 2 ml TRIzol reagent. The cells were homogenized with Tissue Lyser II (Qiagen Korea Ltd., Seoul, Korea). After rinsing with chloroform, total RNA was precipitated with isopropyl alcohol. The eukaryotic mRNA was purified using PolyATtract® mRNA Isolation Systems according to the manufacturer's manual (Promega Korea, Ltd., Seoul, Korea). The isolated mRNAs were sequenced using the GS-FLX system (Roche Diagnostics Korea Co., Ltd, Seoul, Korea). The sequence fragments were assembled using a GS De Novo Assembler (Roche Diagnostics Korea Co., Ltd). The functions of the assembled sequences were suggested by comparing the encoded proteins with homologous proteins found in a search of the protein database of the National Center for Biotechnology Information (NCBI, http://blast.ncbi.nlm.nih. gov/Blast.cgi). ORF finder (www.ncbi.nlm.nih. gov/projects/gorf/) was used to identify the longest open reading frame (ORF) similar to α-amylase. It was designated as α-amylase KME1 and registered in the NCBI GenBank database (accession number: KC477098).
Searching Conserved Domains and Homologous Proteins
The conserved domain of α-amylase KME1 was identified using a conserved domain database from NCBI (Marchler-Bauer et al., 2011). Homologous proteins were identified by tblastn search (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Among the top 500 identified proteins, the most homologous one from each family and two from the order Blattaria (to which Reticulitermes speratus belongs) were selected for further phylogenetic analysis.
Phylogenetic Analysis
Evolutionary relationships among the selected 22 proteins and α-amylase KME1 (NCBI protein accession #: AGJ52072) were analyzed using MEGA4 (Tamura et al., 2007) . All 23 protein sequences were aligned using ClustalW in MEGA4. Phylogenetic analysis was performed with the Bootstrap test with 1000 replicates using the neighbor-joining method.
RESULTS and DISCUSSION
The mRNA of α-amylase KME1
Total eukaryotic mRNA was purified from Reticulitermes speratus KMT1 and its sequence was analyzed using the GS-FLX system and GS De Novo Assembler (unpublished data). From the sequence data, the 1690-base mRNA for α- with UUG at the 1500 th base followed by a UAA stop codon (Fig. 1A) . The ORF of the mRNA sequence (1,485 bases) was submitted to the GenBank database of the NCBI (Accession number: KC477098), and the translated protein (495 amino acids) was assigned the accession number AGJ52072. A conserved domain search found an α-amylase catalytic domain from the 18 th to the 399 th amino acid and an α-amylase_ C domain (Aamy_C domain in Fig. 1B ) from the 405 th to the 494 th amino acid (Fig. 1B) . Their E-values were 0 and 3.44e
-24
, respectively. These results suggest an α-amylase function for AGJ52072, and the protein was therefore designated α-amylase KME1. 
Proteins Homologous to α-amylase KME1
Using the amino acid sequence of α-amylase KME1, the top 500 homologous proteins were identified from the NCBI GenBank database with a tblastn search. Most were α-amylases (data not shown). This result confirms that the AGJ-52072 protein is an α-amylase. Among the 500 homologous proteins, the most similar protein from each family and two proteins from the order Blattaria (to which Reticulitermes speratus belongs) were selected ( Table 1 ). The most similar protein in the database was the α-amylase from Blattella germanica, a German cockroach, with a total score of 686, 96% query coverage, 0 E-value, and 68% identity. A low identity suggests that α-amylase KME1 is a new type of termite α-amylase. Because both Reticulitermes speratus and Blattella germanica are insects of the order Blattodea, it is reasonable that their α-amylases have the highest similarity. The Blattella germanica α-amylase (AAY23288) is known to be secreted from the tergal gland, but its biological function has not yet been determined experimentally (Saltzmann et al., 2006) .
Three flies (Hermetia illucens, Ceratitis capitata, and Drosophila erecta), two bees (Bombus impatiens and Megachile rotundata), one beetle (Tribolium castaneum), one mosquito (Anopheles gambiae), one rootworm (Diabrotica virgifera), one wasp (Nasonia vitripennis), three moths (Mamestra configurata, Ephestia kuehniella, and Diatraea saccharalis), and one silkworm (Bomby Fig. 3 . Phylogenetic analysis of α-amylase KME1 (AGJ52072) with 22 selected proteins. GenBank accession numbers are used for protein identification. The order and the class of the hosts are indicated at the right side of the figure.
xmori) have α-amylases similar to that of Reticulitermes speratus KMT1. The wide distribution of α-amylases in the class Insecta suggests that they play an important metabolic role.
One shrimp (Litopenaeus vannamei) and six mammals (Rattus norvegicus, Cricetulus griseus, Homo sapiens, Loxodonta africana, Macaca mulatta, and Sus scrofa) are also listed in Table 1 as potential producers of α-amylases similar to α-amylase KME1.
Alignment of Amino Acid Sequences
The amino acid sequences of the KME1 α-amylase from Reticulitermes speratus KMT1 and 22 selected strains were aligned (Fig. 2) . Seven highly homologous regions (I-VII; Table 1 . In the conserved regions, four amino acids are involved in the catalytic reaction and substrate binding (Janeček, 2002 (Janeček, 2002) , which maintain the structural integrity of the active site (Janecȇk, 1997). Alpha-amylase KME1 also has Asp as the 177 th amino acid. Based on the comparisons of the conserved regions and amino acids, the KME1 α-amylase is a novel termite α-amylase.
Phylogenetic Tree
The evolutionary relationships among the 23 α-amylases in Table 1 were depicted using a phylogenetic analysis program (Fig. 3) . First, α-amylases from the class Insecta were separated from those in the Malacostraca and Mammalia classes. Among Insecta α-amylases, those from the order Blattodea were separated first. The result of this analysis emphasized that Blattodea α-amylases, including KME1, are distinguishable from other α-amylases in the class Insecta. Termites are classified as belonging to the order Blattodea, whereas ants belong to Hymenoptera; thus, a high degree of similarity between the KME1 α-amylase and that from Blattella germanica is to be expected.
CONCLUSION
Although termites can survive with starch as the sole nutrient, their α-amylase digestive enzymes have not yet been well characterized. This study is the first to present complete protein sequence information on the α-amylase from R. speratus KMT1. Its low homology with the Blattella germanica α-amylase, some unique amino acids, and phylogenetic analysis all suggest that KME1 is a new type of α-amylase. Even the previously reported partial catalytic domain from Coptotermes formosanus is significantly different from the KME1 α-amylase. Further study is required to evaluate the significance of α-amylase KME1 and its contribution to the termite's metabolism.
